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Rain on the ROof 
Evaporative spray roof cooling seems so 
simple it'S hard to believe It works-but 
the numbers say It can. 
By Leonard Bachman 
The sun's heat beating down on the roof plays a big part in the cooling load for many buildings. In one day, 
a dry roof can cycle from a few degrees 
below the lowest night temperature up to 
180°F. But there is one way to defeat this 
heat directly. 
Evaporative spray roof cooling (ESRC) 
systems spray a mist of water onto the roof, 
where it evaporates, cooling the roof and 
saturating the air near the surlace. Each 
evaporated gallon removes more than 8000 
Btu's of heat from the roof. 
These systems can totally offset the solar 
heat a roof absorbs. And since cooling with 
ESRC systems is done outside-before the 
heat conducts through the roof-no mois-
ture is added to the enclosed space. That 
makes roof spray cooling systems especially 
applicable in humid climates- even in sub-
tropical Miami, Houston, and Atlanta. 
Who needs it? 
More important than climate are the 
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building's type and cooling load profile. 
Schools, shopping centers, a'lSembly plants 
-large, flat-roofed, single-story, lightly in-
sulated buildings-are particularly appropri-
ate. Many of these buildings are over a 
decade old and have less than R-6 roof in-
sulation. But many facilities are still built to-
day with R-II or less. 
Roof spray cooling can take care 01 the 
added load in buildings that have increased 
their cooling needs beyond the capacity of 
the existing equipment. Unconditioned 
spaces such as some factories and farm 
buildings, where cooling is desirable but not 
critical, may also be good candidates. 
Growing up 
As early as 1934, irrigation systems were 
used for roof spray cooling. Today's systems 
have evolved into two types: a grid of per-
forated copper or plastic spray bars, and the 
sprinkler sprayhead. We can control them 
so that they don't use too much water or 
create roof ponds. Temperature, time, and 
duration are the controlling factors . Every 
four to 10 minutes, a sensor checks the 
temperature of the roof. If it is warm 
enough (90°F to 95°F) the system sprays it 
with a light mist for four to 10 seconds. The 
parameters vary from manufacturer to 
This Fort Worth, Texas, building uses 
9/,000 square feet of euaporative 
spray roof cooling to reduce solar gain 
through the roof by 8S percent. Employees 
in the building say that before the system 
went in three people had fainted because of 
the high temperatures. This year, the 
temperature on the floor of the building was 
9'F cooler than last year. 
manufacturer, but the systems can usually 
be adjusted in the field to account for 
variance in climate and roof color. 
The systems work with normal city water 
and water pressure. But waste water, such 
as warm condensor water, can be used to-
gether with a pump. To keep pressure re-
quirements low and limit pipe size, de-
signers divide roofs into zones that are 
sprayed in sequence. Check valves keep the 
entire grid from draining onto the roof after 
each cycle. Drain valves allow building 
managers to winterize the systems. 
Spray systems use about one gallon of 
water for every 10 square feet of roof sur-
face during a summer day, with a max-
imum flow rate of about 0.04 gallons per 
square loot per hour. In large installations, 
we meter roof spray water separately to 
avoid sewage charges. Installed systems 
cost from 25¢ to over 40c per square foot 
depending on roof size and system type. 
Copper systems tend to cost the most. 
Added savings 
Roof spray systems can reduce peak loads 
and demand charges year-round. They 
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Life-Cycle Costs 
Evaporative spray roof cooling systems look promising, but how do they stack up against adding more insulation or a radiant barrier? Which is better suited to retrofit and which 
to new construction? And what about performance in different 
climates? We asked Bachman to compute the life-cycle costs for 
three different systems on the roof of a new and existing building 
in Memphis, Houston, Miami, and Tucson: an evaporative spray 
roof cooling (ESRC) system, an additional 3V2 inches of fiberglass 
batt (R-ll), and a radiant barrier. 
Input 
The evaporative spray roof cooling system and the additional 
insulation cost $3600, and the radiant barrier cost $2000. The base 
case 10,OOO-sQuare-foot roof was insulated with R-ll fiberglass batts 
installed over a suspended ceiling. Insulation and radiant barrier 
options were installed between the roof deck and the existing 
insulation. Economic assumptions included a IS-percent annual 
energy inflation rate, a 100percent discount rate, an electricity cost 
of S¢ per kilowatt-hour, a demand charge of $4.S0/kilovolt-amp, 
water costs of SO¢ per 1000 gallons, and a compressor replacement 
rate of every eight years. The air-conditioning equipment (A/C) 
seasonal energy efficiency ratio was 6.5. 
Bachman used a peak roof surface temperature reduction of 6()OF 
for all cities except Tucson, where he used a 65°F reduction to 
account for the greater solar impacts. The final input was the fully 
loaded compressor hours for each climate, the equivalent air-
conditioning equipment run time at full capacity. From lowest to 
highest, they were: 1300 (Memphis), 1720 (Tucson), 1880 (Houston), 
and 2940 (Miami). 
Output 
The heat gain reduction is the number of peak Btu shaved by the 
roof-cooling system. The A/C load reduction (in peak tons) affects 
the cost of new cooling equipment and the demand charge. The 
first-year energy savings is the dollar savings on electricity for 
cooling. The A/C cost reduction is the money saved by installing 
a smaller cooling system in new construction, based on the A/C 
load reduction and an equipment cost of $850/ton. The first cost 
difference is the roof-cooling system cost (minus the reduction in 
A/C equipment cost in new construction only). 
The first year cash position is the total discounted savings 
(electricity, plus in new construction the smaller A/C equipment 
costs) minus the total discounted costs (first costs for roof-cooling 
system, plus water costs in the ESRC case) at the end of the first 
year. Cash position is the cumulative savings over the years minus 
cumulative costs. This is not the same as cash flow, which is annual 
savings minus annual costs. Year of positive cash position is the 
year in which the system pays for itself (on a life-cycle, discounted 
basis). Tenth-year cash position is the total savings after 10 years. 
The results 
According to Bachman's computer runs, the first year energy sav-
ings were greatest for the ESRC and the least for the radiant bar-
rier. In new construction, ESRC pays for itself in the first year in 
all four climates. E:xtra insulation in new construction has a positive 
cash position in under four years in all four climates. The radiant 
barrier took anywhere from four to eight years in new construction. 
In retrofit, the longest time to reach a positive cash position for 
the ESRC system was seven years in Memphis (the city with the 
smallest cooling load). The shortest was early in the fourth year 
in Miami (the city with the biggest load). The longest time for retrofit 
insulation was nine years in Memphis and the shortest was five 
years in Miami. The retrofit radiant barrier discounted paybacks 
ranged from a minimum of seven years in Miami and a maximum 
of 12 years in Memphis.-Jennifer A. Adams 
SOLAR AGE 
Memphis 
Roof 
Spray 
Heat gain reduction (peak Btu) 54,545 
NC load reduction (peak tons) 4.54 
First year energy savings ($) 757 
New construction 
NC cost reduction ($) 
First cost difference ($) 
First year cash position ($) 
Year of positive cash position 
Tenth-year cash poSition ($) 
Retrofit 
First year cash position ($) 
Year of positive cash position 
Tenth-year cash position ($) 
3864 
+264 
+ 908 
1 
+6853 
-3079 
7 
+2805 
Tucson 
Heat gain reduction (peak Btu) 
NC load reduction (peak tons) 
First year energy savings ($) 
New construction 
NC cost reduction ($) 
First cost difference ($) 
First year cash position ($) 
Year of positive cash position 
Tenth-year cash position ($) 
Retrofit 
First year cash position ($) 
Year of positive cash position 
Tenth-year cash poSition ($) 
Roof 
Spray 
59,090 
4.92 
1040 
4186 
+586 
+1448 
1 
+9747 
-2872 
4 
+5363 
Extra R-11 
Insulation 
29,000 
2.41 
350 
2054 
-1546 
-1114 
4 
+3061 
-3234 
9 
.,.910 
Extra R-11 
Insulation 
31,416 
2.62 
481 
2225 
-1375 
-801 
3 
+4922 
-3097 
7 
+2591 
Radiant 
Barrier 
11,000 
0.92 
133 
779 
-1221 
-1057 
8 
+526 
-1861 
12 
-290 
Radiant 
Barrier 
11,916 
0.99 
182 
844 
-1156 
-938 
6 
+1232 
-1809 
9 
+348 
_________ H_o_u_s_t_on _________ C~J 
Roof 
Spray 
Heat gain reduction (peak Btu) 54,545 
NC load reduction (peak tons) 4.54 
First year energy savings ($) 1037 
New construction 
NC cost reduction ($) 
First cost difference ($) 
First year cash position ($) 
Year of positive cash position 
Tenth-year cash position ($) 
Retrofit 
First year cash position ($) 
Year of positive cash position 
Tenth-year cash position ($) 
3864 
+264 
+1079 
1 
+8962 
-2909 
5 
+4915 
Miami 
Heat gain reduction (peak Btu) 
NC load reduction (peak tons) 
First year energy savings ($) 
New construction 
NC cost reduction ($) 
First cost difference ($) 
First year cash position ($) 
Year of positive cash position 
Tenth-year cash position ($) 
Retrofit 
First year cash position ($) 
Year of positive cash position 
Tenth-year cash position ($) 
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Roof 
Spray 
54,545 
4.54 
1548 
3864 
264 
+1392 
1 
+12,817 
-2595 
4 
+8770 
Extra R-11 
Insulation 
29,000 
2.41 
480 
2054 
-1546 
-979 
3 
+4726 
-3099 
7 
+2575 
Extra R-11 
Insulation 
29,000 
2.41 
716 
2054 
-1546 
-731 
2 
+7770 
-2851 
5 
+5618 
Radiant 
Barrier 
11,000 
0.92 
182 
779 
-1221 
-1006 
6 
+1158 
-1810 
9 
+342 
Radiant 
Barrier 
11,000 
0.92 
272 
779 
-1221 
-912 
4 
+2313 
-1716 
7 
+1497 
\. )\ 
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allow less heat to conduct through the roof 
and radiate to inside spaces. This means 
designers can save new construction clients 
money up front by specifying smaller cool-
ing equipment. But irs also easy to retrofit 
spray systems. 
A further bonus is that rooftop air condi-
tioners, which usually have to run in ex-
treme heat. can operate more efficienUy in 
a cooler environment. FSRC systems reduce 
head pressure and extend both the air con-
ditioner's efficiency and life expectancy. 
The roof spray pre<ools condensor air. 
Perhaps most important, roof cooling ex-
tends the Jives of many roof materials. 
Because cooler roofs don't undergo the ex-
treme daily temperature cycle of a dry roof, 
they're not subjected to the thermal stress 
of expansion and contraction. Volatile oils 
that keep the roof membrane pliable and 
watertight don't boil off. Extra insulation 
and radiant barriers-alternatives to FSRC 
systems-can slow heat flow from the roof 
to the building and raise roof temperatures, 
accelerating deterioration. 
ESRC vs. alternatives 
The tables show a Iife<ycle cost analysis for 
an evaporative roof spray cooling system 
(at 36¢/ft2) versus increased insulation 
(36¢ /ft2) and radiant barriers (20~ Ift2). 
Reflective roof toppings are more expen-
sive-$1/ftL and must be renewed every 
few years to be effective, so we didn't in-
clude them in the comparison. We com-
pared the three systems on a 10,()()(kquare-
foot buildi.ng in Memphis, Tucson, Houston, 
and Miami. Economic assumptions and re-
sults are included in the sidebar. The tables 
compare both retrofit and new construction. 
Water rights 
FSRC systems have been used successfully 
across the United States and Canada and 
should not be dismissed as water wasters 
without a closer look. At first glance, FSRC 
systems would seem to work best in arid 
climates-where water is scarce. Actually, 
roof spray is more effective in humid 
climates where space humidification is 
unacceptable and annual alr-ronditioning 
needs are greater. Economically, the best 
market for roof spray systems may be the 
humid Southeast. 
Water consumption isn't as one-sided as 
it first appears, especially if process water, 
which would otherwise be wasted, is used. 
Many buildings with central cooling plants 
produce warm condensor water that can be 
recycled as roof spray. Open-loop, water-
cooled aiT<onditioning systems are very 
much like indirect evaporative coolers that 
pump heat from the space to the cooling 
tower. Roof spraying is merely a more 
direct method. 
According to Winston Chow at the Elec-
tric Power Research Institute, "a typical 
generating facility will evaporate about 450 
gallons [of water] per megawatt-hour of 
electricity produced." Accounting for 
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Evaporative roof spray systems can 
have sprinkler sprayheads (right) 
or perforated plastic spraybars (left). 
transmission losses, this means that a three 
ton air<onditioner "uses" 8 to JO gallons of 
water per hour. Three ton-hours o( cooling 
by an FSRC system on an R-6 roof requires 
about 50 gallons of water, but uses no elec-
tricity or primary fuel. 
Monitored results 
Houston Lighting and Power has begun a 
full roof spray monitoring program. One 
residential retrofit produced a 21-percent 
savings in total electrical consumption (air-
conditioning was not metered separately). 
A restaurant (dominated by internal loads) 
achieved a IS-percent reduction. 
Texas Instruments' calculator and home 
computer assembly plant in Abilene, Texas, 
sprays 163,000 square feet of R-4 roof. The 
copper-pipe system cost $56,000 (34¢/ft2). 
Texas Instruments calculated it saved 
$26,000 in electrical demand charges and 
$17,800 in energy consumption during the 
1982 cooling season. That's a l.3-year sim-
ple payback. 
A 30O<kquar~oot Armco Steel engineer-
ing office in Houston was monitored in 
1982. The spray cooling system there 
reduced the temperature differential by 62 
percent and saved about 24 percent on 
average daily electric use during the late 
summer season. The building's roof was in-
sulated to R-19 and its ceiling to R-ll. 
Big cooling 
The nation's gradual migration to the 
southern states means both homes and busi-
nesses are being hit by the rising cost of 
electricity. Large corporations have to air-
condition year-round. In 1968. aiY<ondi-
tioning was only 3 percent of U.S. end 
energy consumption. By 1980 its share was 
12.5 percent, and is projected to grow to 
16.7 percent by the year 2000. 
Even more signifitant is the effect of air-
conditioning loads on utilities' peak-
generating requirements. Power companies 
normally charge residential customers a 
higher summer rate and levy a demand 
charge or ratchet rate on their large com-
mercial customers. Evaporative spray roof 
cooling systems can do their part to lower 
cooling bills and lower the number of new 
power plants we'll need in the future. 0 
Manufacturers of Evaporative 
Spray Roof Cooling Systems 
to,' 1IIIIIn~I~~ Rainmaker Inc. P.O. Box 73026 Houston, TX 77090 
(713) 52g..()611 
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November issue of Solar Age. 1985 
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